
J  J E u r o p a i s c h e s   

Pa ten tamt  

European  Patent  Office  0   Publication  number:  0  1 9 0   5 0 8  

Office  europeen  des  brevets  A 2  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85309449.8  ©  Int.  CI.4:  H  01  L  21 /18  

@  Date  of  f  iling:  23.12.85 

©  Priority:  08.02.85  JP  22932/85 

©  Date  of  publication  of  application: 
13.08.86  Bulletin  8633 

©  Designated  Contracting  States: 
DE  FR  GB 

©  Applicant:  Kabushiki  Kaisha  Toshiba 
72,  Horikawa-cho  Saiwai-ku 
Kawasaki-shi  Kanagawa-ken  210<JP) 

©  Inventor  :  Shimbo,  Masaru  do  Patent  Division 
Kabushiki  Kaisha  Toshiba  1-1  Shibaura  1-chome 
Minato-ku  Tokyo  105(  JP) 

©  Inventor:  Ohashi,  Hirpmkhi  c/o  Patent  Division 
Kabushiki  Kaisha  Toshiba  1-1  Shlbaura  1-chome 
Minato-ku  Tokyo  105{JP) 

@  Inventor:  Furukawa,  Kazuyoshi  c/o  Patent  Division 
Kabushiki  Kaisha  Toshiba  1-1  Shibaura  1-chome 
Minato-ku  Tokyo  105<JP) 

©  Inventor:  Fukuda,  Kh/oshi  do  Patent  Division 
Kabushiki  Kaisha  Toshiba  1-1  Shibaura  1-chome 
Minato-ku  Tokyo  105<JP) 

©  Representative:  Freed,  Arthur  Woorf  et  al, 
MARKS  &  CLERK  57-60  Lincoln's  bin  Fields 
London  WC2A  3LS(GB) 

CM 
<  

00 
o  
10 

o  
0)  

©  Method  of  manufacturing  compound  semiconductor  apparatus. 
  A  method  of  manufacturing  a  compound  semiconductor 
device  has  the  steps  of  mirror-polishing  a  surface  of  each  of 
two  compound  semiconductor  substrates  (11,  12),  bringing 
the  mirror-polished  surfaces  of  the  two  compound  semicon- 
ductor  substrates  (11,  12)  in  contact  with  each  other  in  a 
clean  atmosphere  and  in  a  state  wherein  substantially  no 
foreign  substances  are  present  therebetween,  and  annealing 
the  compound  semiconductor  substrates  (11, 12)  which  are 
in  contact  with  each  other  so  as  to  provide  a  bonded 
structure  having  a  junction  with  excellent  electrical  charac- 
teristics  at  the  interface. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   o f  

m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e ,   a n d ,   more   p a r t i c -  

u l a r l y ,   to   a  m e t h o d   of  p r o v i d i n g   a  b o n d e d   s t r u c t u r e   o f  

two  c o m p o u n d   s e m i c o n d u c t o r   s u b s t r a t e s .  

A  s e m i c o n d u c t o r   d e v i c e   u s i n g   a  c o m p o u n d   s e m i -  

c o n d u c t o r   s u c h   as  GaAs  has   r e c e n t l y   b e e n   a t t r a c t i n g   a  

g r e a t   d e a l   of  a t t e n t i o n   in  t h e   f i e l d s   of  s u p e r   h i g h  

s p e e d   s e m i c o n d u c t o r   d e v i c e s   and  p o w e r   s e m i c o n d u c t o r  

d e v i c e s .   In  o r d e r   to   f u l l y   u t i l i z e   a d v a n t a g e s   of  s u c h   a  

compound   s e m i c o n d u c t o r   d e v i c e ,   a  t e c h n i q u e   f o r   f o r m i n g   a  

j u n c t i o n   b e t w e e n   s e m i c o n d u c t o r   l a y e r s   h a v i n g   d i f f e r e n t  

i m p u r i t i e s   or  c o n d u c t i v i t y   t y p e s   i s   r e q u i r e d .   V a r i o u s  

t y p e s   of  e p i t a x i a l   g r o w t h   m e t h o d s   a r e   known  to  fo rm  s u c h  

a  j u n c t i o n .   H o w e v e r ,   i t   i s   v e r y   d i f f i c u l t   to  c o n t r o l  

t h e   t h i c k n e s s   and  i m p u r i t y   c o n c e n t r a t i o n   of  an  e p i t a x i a l  

l a y e r   w i t h i n   a  w i d e   r a n g e .   For   e x a m p l e ,   when  a  c o m p o u n d  

s e m i c o n d u c t o r   d e v i c e   e x h i b i t i n g   a  h i g h   b r e a k d o w n   v o l t a g e  

is   m a n u f a c t u r e d ,   an  e p i t a x i a l   l a y e r   h a v i n g   a  low  i m p u -  

r i t y   c o n c e n t r a t i o n   and  a  c o n s i d e r a b l e   t h i c k n e s s   m u s t   b e  

f o r m e d   in  o r d e r   to  f o r m   a  d e p l e t i o n   l a y e r   and  i n c r e a s e  

t he   b r e a k d o w n   v o l t a g e .  

L i q u i d   p h a s e   e p i t a x y   i s   known  as  a  t e c h n i q u e  

f o r   f o r m i n g   an  e p i t a x i a l   l a y e r   of  a  c o n s i d e r a b l e   t h i c k -  

n e s s .   In  a c c o r d a n c e   w i t h   l i q u i d   p h a s e   e p i t a x y ,   i t   i s  

c o m p a r a t i v e l y   e a s y   to  i n c r e a s e   t h e   t h i c k n e s s   of  a n  



e p i t a x i a l   l a y e r .   H o w e v e r ,   when  a  GaAs  s e m i c o n d u c t o r  

d e v i c e   is   f o r m e d ,   i t   is   d i f f i c u l t   to  form  an  e p i t a x i a l  

l a y e r   h a v i n g   an  i m p u r i t y   c o n c e n t r a t i o n   of  1 0   t o  
1 0 1 7 / c m 3  o r   l o w e r .   As  a  r e s u l t ,   t h e   a v a l a n c h e   v o l t a g e  

c a n n o t   be  c o n t r o l l e d   b e c a u s e   of  t h e   h i g h   i m p u r i t y  

c o n c e n t r a t i o n ,   and  a  b r e a k d o w n   v o l t a g e   of  more   t h a n  

s e v e r a l   t e n s   of  V  c a n n o t   be  o b t a i n e d .  

On  t h e   o t h e r   h a n d ,   in  a c c o r d a n c e   w i t h   v a p o r   p h a s e  

e p i t a x y ,   t h e   i m p u r i t y   c o n c e n t r a t i o n   of  an  e p i t a x i a l  

l a y e r   can   be  c o n t r o l l e d   to   as  low  as  a b o u t   10 14  t o  
1 0 1 5 / c m 3 .   H o w e v e r ,   i t   i s   v e r y   d i f f i c u l t   to   f o r m   a n  

e p i t a x i a l   l a y e r   h a v i n g   a  t h i c k n e s s   of  10  to   20  pm  o r  

m o r e .   I f   t h e   t h i c k n e s s   of  an  e p i t a x i a l   l a y e r   i s   s m a l l ,  

t h e   p u n c h - t h r o u g h   v o l t a g e   i s   l ow.   T h e r e f o r e ,   a  b r e a k -  

down  v o l t a g e   of  o n l y   200  to   300  V  can  be  c o n v e n t i o n a l l y  

p r o v i d e d .  

M e a n w h i l e ,   a  j u n c t i o n   b e t w e e n   d i f f e r e n t   t y p e s   o f  

c o m p o u n d   s e m i c o n d u c t o r s   h a v i n g   d i f f e r e n t   band   g a p s   c a n  

be  a p p l i e d   as  a  h e t e r o j u n c t i o n   to   v a r i o u s   s e m i c o n d u c t o r  

e l e m e n t s .   V a r i o u s   e p i t a x i a l   g r o w t h   m e t h o d s   a r e   a v a i l -  

a b l e   f o r   f o r m i n g   s u c h   a  h e t e r o j u n c t i o n .   H o w e v e r ,   f o r  

e p i t a x i a l   g r o w t h ,   in  a c c o r d a n c e   w i t h   t h e   e p i t a x i a l  

g r o w t h   m e t h o d ,   a  s e m i c o n d u c t o r   l a y e r   h a v i n g   a  b a n d  

gap  d i f f e r e n t   f rom  t h a t   of  an  u n d e r l y i n g   s e m i c o n d u c t o r  

l a y e r ,   t h e   l a t t i c e   c o n s t a n t s   of  t h e   s e m i c o n d u c t o r   l a y e r s  

m u s t   b a s i c a l l y   m a t c h .   O n l y   a  v e r y ,   s m a l l   n u m b e r   o f  

c o m b i n a t i o n s   s u c h   as  GaAs  and  AlGaAs  can  p r o v i d e   a  g o o d  

h e t e r o j u n c t i o n .   In  many  c a s e s ,   c r y s t a l   d e f e c t s   o c c u r  

due  to   a  s t r a i n   r e s u l t i n g   f r o m   l a t t i c e   m i s m a t c h ,   or  a  

b a r r i e r   l a y e r   may  u n d e s i r a b l y   f o r m .  

As  a n o t h e r   means   f o r   f o r m i n g   a  h e t e r o j u n c t i o n ,   a  

t e c h n i q u e   f o r   b o n d i n g   s e m i c o n d u c t o r   s u b s t r a t e s   of  d i f -  

f e r e n t   t y p e s   by  ho t   p r e s s i n g   or  f u s i o n   b o n d i n g   i s   k n o w n .  

H o w e v e r ,   t h e   ho t   p r e s s i n g   r e q u i r e s   h i g h   t e m p e r a t u r e   a n d  

h i g h   p r e s s u r e ,   and  t h e   f u s i o n   b o n d i n g   is   a c c o m p a n i e d  

by  f u s i o n   of  t h e   s u b s t r a t e s .   T h e r e f o r e ,   many  d e f e c t s  

o c c u r   in  t h e   s u b s t r a t e s   and  a  t h i c k   i n t e r l a y e r   i s   f o r m e d  



at   t h e   b o n d e d   i n t e r f a c e ,   i m p a i r i n g   e l e c t r i c a l   c h a r a c -  

t e r i s t i c s .   When  an  i m p u r i t y   r e g i o n   is  f o r m e d   in  o n e  

s u b s t r a t e ,   i t   is  a l m o s t   i m p o s s i b l e   to  m a i n t a i n   i t s   i m -  

p u r i t y   c o n c e n t r a t i o n   d i s t r i b u t i o n   a f t e r   b o n d i n g ,   s i n c e  

a  h i g h   t e m p e r a t u r e   h e a t i n g   s t e p   is  r e q u i r e d .  

I t   is   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to  p r o v i d e  

a  m e t h o d   of  m a n u f a c t u r i n g   a  c o m p o u n d   s e m i c o n d u c t o r   d e v i c e  

w h e r e i n   two  c o m p o u n d   s e m i c o n d u c t o r   s u b s t r a t e s   h a v i n g  

g i v e n   i m p u r i t y   c o n c e n t r a t i o n s   and  t h i c k n e s s e s   a r e   b o n d -  

ed ,   t h e r e b y   f o r m i n g   a  j u n c t i o n   w i t h   good  e l e c t r i c a l  

c h a r a c t e r i s t i c s ,   i r r e s p e c t i v e   of  l a t t i c e   c o n s t a n t  

m i s m a t c h   t h e r e b e t w e e n .  

A  m e t h o d   of  m a n u f a c t u r i n g   a  c o m p o u n d   s e m i c o n -  

d u c t o r   d e v i c e   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   i s  

c h a r a c t e r i z e d   by  c o m p r i s i n g   t h e   s t e p s   o f :  

m i r r o r - p o l i s h i n g   a  s u r f a c e   of  e a c h   of  two  c o m p o u n d  

s e m i c o n d u c t o r   s u b s t r a t e s ;  

b r i n g i n g   t h e   m i r r o r - p o l i s h e d   s u r f a c e s   of  t he   t w o  

c o m p o u n d   s e m i c o n d u c t o r   s u b s t r a t e s   in  c o n t a c t   w i t h   e a c h  

o t h e r   in  a  c l e a n   a t m o s p h e r e   and  in  a  s t a t e   w h e r e i n  

s u b s t a n t i a l l y   no  f o r e i g n   s u b s t a n c e s   a r e   p r e s e n t   t h e r e -  

b e t w e e n ;   a n d  

a n n e a l i n g   t h e   c o m p o u n d   s e m i c o n d u c t o r   s u b s t r a t e s  

w h i c h   a r e   in  c o n t a c t   w i t h   e a c h   o t h e r   so  as  to   p r o v i d e  

a  b o n d e d   s t r u c t u r e .  

The  m e t h o d   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   w i l l  

be  d e s c r i b e d   in  d e t a i l .  

Two  s e m i c o n d u c t o r   s u b s t r a t e s   a r e   p r e p a r e d   and  t h e i r  

s u r f a c e s   to   be  b o n d e d   a r e   m i r r o r - p o l i s h e d .   The  s m o o t h -  

n e s s   and  c l e a n l i n e s s   of  p o l i s h e d   s u r f a c e s   of  t h e   s u b -  

s t r a t e s   a r e   s i g n i f i c a n t   in  o b t a i n i n g   a  b o n d e d   c o m p o u n d  

s e m i c o n d u c t o r   s t r u c t u r e   h a v i n g   good  b o n d i n g   s t r e n g t h  

and  a  j u n c t i o n   w i t h   good  e l e c t r i c a l   c h a r a c t e r i s t i c s   i n  

a c c o r d a n c e   w i t h   t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n .  

S u r f a c e s   of  t h e   s u b s t r a t e s   can  be  m i r r o r - p o l i s h e d   b y  

g r i n d i n g   and  p o l i s h i n g   u s i n g   a  c o n v e n t i o n a l   l a p p i n g  

m a c h i n e ,   a n d ,   more  p a r t i c u l a r l y ,   by  m e c h a n o - c h e m i c a l  



p o l i s h i n g   u s e d   f o r   p o l i s h i n g   v a r i o u s   t y p e s   of  s e m i c o n -  

d u c t o r   s u b s t r a t e s .   The  s m o o t h n e s s ,   e . g . ,   t h e   s u r f a c e  

r o u g h n e s s   of  t h e   p o l i s h e d   s u r f a c e s   of  t h e   s u b s t r a t e s  
0 

is   p r e f e r a b l y   l e s s   t h a n   500  A,  and  more   p r e f e r a b l y   l e s s  
0 

t h a n   50  A.  No te   t h a t   t h e   s u r f a c e   r o u g h n e s s   i s   g i v e n   b y  

a  maximum  h e i g h t   (Rmax)  d e t e r m i n e d   in  a c c o r d a n c e   w i t h  

J I S   B - 0 6 0 1   ( 1 9 8 2 ) .  

T h e n ,   n o r m a l l y ,   t h e   p o l i s h e d   s u r f a c e s   of  t h e  

s u b s t r a t e s   a r e   c l e a n e d .   W a s h i n g   w i t h   w a t e r ,   a l c o h o l ,  

o r g a n i c   s o l v e n t   or  t h e   l i k e   and  d r y i n g   t h e r e a f t e r   a r e  

p e r f o r m e d   as  p a r t   of  a  c l e a n i n g   m e t h o d .   When  t h e   p o l -  

l u t e d   d e g r e e   of  t h e   p o l i s h e d   s u r f a c e   i s   h i g h ,   d e g r e a s -  

i n g ,   p r e f e r a b l y   w i t h   b o i l i n g   t r i c h l e n e ,   i s   p e r f o r m e d .  

I f   an  e x c e s s i v e   n a t u r a l   o x i d e   f i l m   i s   f o r m e d   on  t h e  

p o l i s h e d   s u r f a c e s   f o r   a  l o n g   p e r i o d   of  t i m e   a f t e r  

p o l i s h i n g ,   i t   m u s t   be  r e m o v e d   w i t h   b o i l i n g   h y d r o c h l o r i c  

a c i d .   W a s h i n g   w i t h   c l e a n   w a t e r   and  d r y i n g   m u s t   b e  

p e r f o r m e d   a f t e r   t h i s   t r e a t m e n t .   D r y i n g   is   p r e f e r a b l y  

p e r f o r m e d   u s i n g   a  s p i n n e r .   A f t e r   c l e a n i n g ,   no  f o r e i g n  

s u b s t a n c e   s h o u l d   be  p r e s e n t   on  t h e   p o l i s h e d   s u r f a c e s   o f  

t h e   s u b s t r a t e s .  

T h e r e a f t e r ,   t h e   p o l i s h e d   s u r f a c e s   of  t h e   s u b s t r a t e s  

a r e   b r o u g h t   i n t o   c o n t a c t   w i t h   e a c h   o t h e r   in  a  c l e a n  

a t m o s p h e r e   of  c l a s s   1  or  l o w e r .   No te   t h a t   c l a s s   1 

r e p r e s e n t s   a  d e g r e e   of  c l e a n l i n e s s   w h e r e i n   one  d u s t  

p a r t i c l e   h a v i n g   a  p a r t i c l e   d i a m e t e r   of  0 .5   µm  or  m o r e  

i s   p r e s e n t   p e r   c u b i c  f o o t   of  a t m o s p h e r e .   I f   t h e _ p o l i s h -  

ed  s u r f a c e s   a r e   b r o u g h t   i n t o   c o n t a c t   w i t h   e a c h   o t h e r  

l o n g   a f t e r   w a s h i n g   and  d r y i n g ,   t h e   f i l m   t h i c k n e s s   of  t h e  

n a t u r a l   o x i d e   f i l m   of  some  c o m p o u n d   s e m i c o n d u c t o r s   m a y  
be  t o o   g r e a t ,   a d v e r s e l y   a f f e c t i n g   t h e   e l e c t r i c a l   c h a r a c -  

t e r i s t i c s   of  t h e   j u n c t i o n .   For  t h i s   r e a s o n ,   t h e   t w o  

s u r f a c e s   a r e   p r e f e r a b l y   b r o u g h t   i n t o   c o n t a c t   w i t h   e a c h  

o t h e r   w i t h i n   f i v e   m i n u t e s   of  w a s h i n g   and  d r y i n g .  

When  t h e   s u b s t r a t e s   a r e   a n n e a l e d   a t   a  t e m p e r a t u r e  

of  200°C  or  h i g h e r ,   b u t   b e l o w   t h e   m e l t i n g   p o i n t   of  t h e  

s u b s t r a t e s ,   w h i l e   t h e   p o l i s h e d   s u r f a c e s   a r e   in  c o n t a c t  



w i t h   e a c h   o t h e r ,   a  b o n d e d   s t r u c t u r e   w i t h   h i g h   b o n d i n g  

s t r e n g t h   can  be  p r o d u c e d .   A n n e a l i n g   is   p r e f e r a b l y   p e r -  
f o r m e d   in  an  i n e r t   or  r e d u c i n g   a t m o s p h e r e .   I f   a n n e a l i n g  

is   p e r f o r m e d   a t   a  t e m p e r a t u r e   b e l o w   2 0 0 ° C ,   t h e   b o n d i n g  

s t r e n g t h   is  w e a k e n e d   and  e l e c t r i c a l   c h a r a c t e r i s t i c s   a t  

t h e   j u n c t i o n   a r e   p o o r .   On  t h e   o t h e r   h a n d ,   i f   a n n e a l i n g  

is   p e r f o r m e d   a t   a  t e m p e r a t u r e   h i g h e r   t h a n   t h e   m e l t i n g  

p o i n t   of  t he   c o m p o u n d   s e m i c o n d u c t o r ,   t h e   c o n d i t i o n   i s  

t h e   same  as  t h a t   p r o d u c e d   in  f u s i o n   b o n d i n g .   T h e n ,  

a  t h i c k   i n t e r l a y e r   i s   f o r m e d   a t   t h e   b o n d e d   p o r t i o n ,  

more   c r y s t a l   d e f e c t s   f o r m ,   and  e l e c t r i c a l   c h a r a c t e r -  

i s t i c s   a t   t h e   j u n c t i o n   a r e   p o o r .   T h e r e f o r e ,   a l t h o u g h  

t h e   a d e q u a t e   a n n e a l i n g   t e m p e r a t u r e   d e p e n d s   on  t h e   t y p e  

of  c o m p o u n d ,   i t   i s   u s u a l l y   f rom  300  to   6 0 0 ° C .  

When  a  d i f f e r e n c e   in  t h e   t h e r m a l   e x p a n s i o n   c o e f -  

f i c i e n t   b e t w e e n   t h e   c o m p o u n d   s e m i c o n d u c t o r   s u b s t r a t e s  

to  be  b o n d e d   is   l a r g e ,   t h e   s u b s t r a t e s   may  c r a c k   d u r i n g  

a n n e a l i n g .   In  o r d e r   to   p r e v e n t   c r a c k i n g   of  t h e   s u b -  

s t r a t e s ,   i t   is   p r e f e r a b l e   t h a t   t h e   d i f f e r e n c e   in  t h e r m a l  

e x p a n s i o n   c o e f f i c i e n t   b e t w e e n   t h e   c o m p o u n d   s e m i c o n d u c t o r  

s u b s t r a t e s   be  b e l o w   2  x  1 0  / ° C .  

C o m b i n a t i o n s   of  d i f f e r e n t   t y p e s   of  s e m i c o n d u c t o r  

s u b s t r a t e s   i n c l u d e   G a A s / I n P ,   Z n S / G a A s ,   I n P / I n S b ,   G a P / I n P  

and  C d S / I n P .   C o m b i n a t i o n s   of  t h e   same  t y p e s   of  s e m i c o n -  

d u c t o r   s u b s t r a t e s   i n c l u d e   G a A s / G a A s   and  I n P / I n P .   When 

t h e   c o n d u c t i v i t y   t y p e ,   t h e   i m p u r i t y   c o n c e n t r a t i o n   a n d  

t h e   f o r m a t i o n   p o r t i o n   of  t h e   i m p u r i t y   p o r t i o n   a r e   p r o -  

p e r l y   s e l e c t e d ,   v a r i o u s   t y p e s   of  d i o d e s   and  t r a n s i s t o r s  

can   be  p r o d u c e d .  

A  m e c h a n i s m   of  b o n d i n g   t h e   c o m p o u n d   s e m i c o n d u c t o r  

s u b s t r a t e s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   i s   no t   y e t  

c l e a r l y   known  in  d e t a i l .   H o w e v e r ,   t h e   n a t u r a l   o x i d e  

f i l m   f o r m e d   on  t h e   s u r f a c e   of  t h e   s u b s t r a t e   d u r i n g   w a s h -  

ing   and  d r y i n g   of  t h e   s u b s t r a t e   and  b e f o r e   c o n t a c t i n g  

is  a s s u m e d   to  p l a y   an  i m p o r t a n t   r o l e .   In  t h e   c a s e   o f  

GaAs ,   f o r   e x a m p l e ,   t h e   t h i c k n e s s   of  t h e   n a t u r a l   o x i d e  
° 

f i l m   is   c o n f i r m e d   to  be  10  to   30  A  by  L u k e s   ( S u r f a c e  



S c i .   V o l .   30,  ( 1 9 7 2 )   p 9 1 ) .   When  two  k i n d s   of  s e m i c o n -  

d u c t o r   s u b s t r a t e s   a r e   b r o u g h t   i n t o   c o n t a c t   w i t h   e a c h  

o t h e r ,   t h e y   a r e   s u p p o s e d   to  be  f i r m l y   b o n d e d   w i t h   e a c h  

o t h e r   t h r o u g h   t h e   H 2 0 . m o l e c u l e s   a d s o r b e d   in  t h e   n a t u r a l  

o x i d e   f i l m   by  h y d r o g e n   b o n d s .   I t   i s   c o n f i r m e d   t h a t ,  

i f   m i r r o r - p o l i s h e d   s u r f a c e s   of  s e m i c o n d u c t o r   s u b s t r a t e s  

a r e   b r o u g h t   i n t o   c o n t a c t   w i t h   e a c h   o t h e r   in  a  v a c u u m ,  
t h e   s u b s t r a t e s   can   be  b o n d e d   to   e a c h   o t h e r .   I t   i s   t h u s  

d e d u c e d   t h a t   t h e   b o n d i n g   f o r c e   d o e s   n o t   d e p e n d   o n l y   o n  

a t m o s p h e r i c   p r e s s u r e .   I t   is  a s s u m e d   t h a t ,   when  t h e  

t e m p e r a t u r e   of  t h e   b o n d e d   s e m i c o n d u c t o r   s u b s t r a t e s   i s  

i n c r e a s e d ,   d e h y d r a t i o n   c o n d e n s a t i o n   w i l l   o c c u r   a n d  

c o n s t i t u e n t   a t o m s   of  t h e   s e m i c o n d u c t o r   s u b s t r a t e s   w i l l  

be  b o n d e d   to   e a c h   o t h e r   t h r o u g h   o x y g e n .   S i n c e   e x c e s -  

s i v e   o x y g e n   a t   t h e   b o n d e d   i n t e r f a c e   i s   d i f f u s e d   in  t h e  

s u b s t r a t e s   by  a n n e a l i n g ,   a l i g n m e n t   a t   t h e   i n t e r f a c e   i s  

i m p r o v e d ,   t h e r e b y   p r o v i d i n g   more   s t a b l e   e l e c t r i c a l   c h a r -  

a c t e r i s t i c s .   C o n d e n s a t i o n   of  o x y g e n   was  n o t   d e t e c t e d  

by  a c t u a l l y   c h e c k i n g   a  b o n d e d   i n t e r f a c e   w i t h   an  X - r a y  

m i c r o a n a l y z e r .   T h i s   is   a t t r i b u t a b l e   to   t h e   f a c t   t h a t  

t h e   o x y g e n   c o n d e n s e d   l a y e r   v a n i s h e d   by  o x y g e n   d i f f u s i o n  

i n t o   t h e   b u l k ,   or  i t   is   so  t h i n   t h a t   i t   c a n n o t   b e  

d e t e c t e d   by  an  X - r a y   m i c r o a n a l y z e r   h a v i n g   a  r e s o l u t i o n  

of  1  to   2  µm. 

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   c o m p o u n d   s e m i -  

c o n d u c t o r   s u b s t r a t e s   h a v i n g   g i v e n   i m p u r i t y   c o n c e n t r a t i o n s  

and  c o n d u c t i v i t y   t y p e s   can   e a s i l y   be  b o n d e d ,   e l e c t r i c a l -  

ly   and  m e c h a n i c a l l y ,   w i t h   e a c h   o t h e r   to   p r o v i d e   a  b o n d e d  

s t r u c t u r e .   S i n c e   a  h i g h   t e m p e r a t u r e   s t e p   f o r   f u s i n g  

t h e   s u b s t r a t e   i s   no t   u s e d   in  b o n d i n g   of  t h e   s u b s t r a t e s ,  

c r y s t a l   d e f e c t s   and  f o r m a t i o n   of  an  i n t e r l a y e r   a t   t h e  

b o n d e d   i n t e r f a c e   do  no t   o c c u r ,   t h e r e b y   p r o v i d i n g   a  
b o n d e d   s t r u c t u r e   w i t h   good  e l e c t r i c a l   c h a r a c t e r i s t i c s .  

I t   i s   d i f f i c u l t   to  m a n u f a c t u r e   h i g h - s p e e d   e l e m e n t s ,  

e l e m e n t s   w i t h   a  h i g h   b r e a k d o w n   v o l t a g e ,   h i g h l y   e f f i c i e n t  

s o l a r   c e l l ,   or  p h o t o d i o d e s   h a v i n g   a  s e n s i t i v i t y   w i t h i n   a  

w ide   w a v e l e n g t h   r a n g e   u s i n g   o n l y   t h e   e p i t a x i a l   g r o w t h  



m e t h o d .   H o w e v e r ,   in  a c c o r a n c e   w i t h   t h e   p r e s e n t   i n v e n -  

t i o n ,   s u c h   e l e m e n t s   can  be  m a n u f a c t u r e d .   A c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ,   compound   s e m i c o n d u c t o r   s u b s t r a t e s  

a r e   b o n d e d   w i t h   e a c h   o t h e r   at   room  t e m p e r a t u r e ,   and  t h e n  

a n n e a l e d .   T h e r e f o r e ,   d e g r a d a t i o n   of  t h e   b o n d e d   i n t e r -  

f a c e   w h i c h   is  i n h e r e n t   in  t he   c o m p o u n d   s e m i c o n d u c t o r  

d e v i c e   f o r m a t i o n   p r o c e s s   can  be  p r e v e n t e d .  

T h i s   i n v e n t i o n   can   be  more  f u l l y   u n d e r s t o o d   f r o m  

t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k e n   i n  

c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g s .   lA  to   1C  a r e   s e c t i o n a l   v i e w s   s h o w i n g   t h e  

m a n u f a c t u r i n g   p r o c e s s   of  t h e   d e v i c e   of  E x a m p l e   1 ;  

F i g s .   2A  to   2C  a r e   s e c t i o n a l   v i e w s   s h o w i n g   t h e  

m a n u f a c t u r i n g   p r o c e s s   of  t h e   d e v i c e   of  E x a m p l e   2 ;  

F i g s .   3A  to   3C  a r e   s e c t i o n a l   v i e w s   s h o w i n g   t h e  

m a n u f a c t u r i n g   p r o c e s s   of  t h e   d e v i c e   of  E x a m p l e   3 ;  

F i g s .   4A  to   4F  a r e   s e c t i o n a l   v i e w s   s h o w i n g   t h e  

m a n u f a c t u r i n g   p r o c e s s   of  t h e   s t a t i c   i n d u c t i o n   t r a n s i s t o r  

of  E x a m p l e   4;  a n d  

F i g s .   5A  to   5C  a r e   s e c t i o n a l   v i e w s   s h o w i n g   t h e  

m a n u f a c t u r i n g   p r o c e s s   of  t h e   d e v i c e   of  E x a m p l e   5 .  

E m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s .  

E x a m p l e   1 

As  shown  in  F i g .   lA,  a  m i r r o r - p o l i s h e d   Si  d o p e d  

( l l l )   n - t y p e   GaAs  s u b s t r a t e   11  h a v i n g   an  i m p u r i t y  

c o n c e n t r a t i o n   of  1 0 1 6 / c m 3 ,   and  a  m i r r o r - p o l i s h e d   Zn 

d o p e d   (111)   p - t y p e   InP  s u b s t r a t e   12  h a v i n g   an  i m p u r i t y  

c o n c e n t r a t i o n   of  1 0 1 8 / c m 3  w e r e   p r e p a r e d .   The  s u b s t r a t e s  

11  and  12  w e r e   d e g r e a s e d   in  b o i l i n g   t r i c h l e n e .   T h e n ,  

s u b s t r a t e   11  was  i m m e r s e d   in  c o n c e n t r a t e d   b o i l i n g  

h y d r o c h l o r i c   a c i d   f o r   two  m i n u t e s ,   w a s h e d   w i t h   w a t e r  

and  d r i e d   by  a  s p i n n e r .   S u b s t r a t e   12  was  i m m e r s e d   i n  

a  s o l u t i o n   of  H 2 S O 4  :   H2O2 :   H 2 0  =  1  :  1  :  4   ( v o l u m e  

r a t i o )   f o r   two  to   t h r e e   m i n u t e s ,   w a s h e d   and  t h e n   d r i e d  

by  a  s p i n n e r .   A f t e r   t h e   a b o v e   t r e a t m e n t ,   s u b s t r a t e s   1 1  

and  12  w e r e   b r o u g h t   i n t o   c o n t a c t   and  b o n d e d   w i t h   e a c h  



o t h e r   in  a  c l e a n   room  of  c l a s s   1,  as  shown  in  F i g .   1 B .  

The  r e s u l t a n t   b o n d e d   s t r u c t u r e   was  a n n e a l e d   in  a  h y d r o -  

gen  f u r n a c e   a t   a  t e m p e r a t u r e   of  450°C  f o r   one   h o u r   t o  

p r o v i d e   a  f i r m l y   b o n d e d   s t r u c t u r e .  

The  b o n d e d   s u b s t r a t e   s t r u c t u r e   was  c u t   i n t o   a  

s q u a r e   w i t h   3  mm  s i d e s ,   u s i n g   a  d i a m o n d   b l a d e .   An  AuBe  

e l e c t r o d e   14  was  d e p o s i t e d   on  s u b s t r a t e   12  as  shown  i n  

F i g .   1C.  T h e n ,   an  AuGe  a l l o y   p i e c e   was  p l a c e d   on  s u b -  

s t r a t e   11  and  h e a t e d   a t   500°C  f o r   30  m i n u t e s   to   p r o v i d e  

AuGe  e l e c t r o d e   1 3 .  

When  V-I   c h a r a c t e r i s t i c s   of  t h e   o b t a i n e d   d i o d e   w e r e  

m e a s u r e d   w i t h   a  c u r v e   t r a c e r ,   good  d i o d e   c h a r a c t e r i s t i c s  

w e r e   e v i d e n t .  

E x a m p l e   2 

As  shown  in  F i g .   2A,  m i r r o r - p o l i s h e d   n - t y p e   GaP 

s u b s t r a t e   21  h a v i n g   an  i m p u r i t y   c o n c e n t r a t i o n   o f  
1 0 1 4 / c m 3 ,   and  m i r r o r - p o l i s h e d   p - t y p e   InP  s u b s t r a t e  

22  h a v i n g   an  i m p u r i t y   c o n c e n t r a t i o n   of  1 0 1 8 / c m 3  w e r e  

p r e p a r e d .   Bo th   s u b s t r a t e s   21  and  22  h a v e   c r y s t a l  

o r i e n t a t i o n s   ( 1 0 0 ) .   S u b s t r a t e s   21  and  22  w e r e   d e g r e a s e d  

by  t r e a t m e n t   w i t h   b o i l i n g   t r i c h l e n e ,   r e p l a c e m e n t   w i t h  

e t h a n o l   and  w a s h i n g   w i t h   w a t e r .   T h e n ,   t h e   s u b s t r a t e s   2 1  

and   22  w e r e   i m m e r s e d   in  a  s o l u t i o n   of  H 2  0 2 :   H 2 S O 4  .   H 2 0  
=  1  :   4  :   1  ( v o l u m e   r a t i o )   f o r   one  m i n u t e ,   and  w a s h e d  

q u i c k l y .   A f t e r   t h e   a b o v e   t r e a t m e n t ,   s u b s t r a t e s   21  a n d  

22  w e r e   b r o u g h t   i n t o   c o n t a c t   and  b o n d e d   w i t h   e a c h   o t h e r  

in  a  c l e a n   room  of  c l a s s   1,  as  shown  in  F i g .   2B.  T h e  

r e s u l t a n t   b o n d e d   s t r u c t u r e   was  a n n e a l e d   in  a  h y d r o g e n  

f u r n a c e   a t   a  t e m p e r a t u r e   of  450°C  f o r   one  h o u r   t o  

p r o v i d e   a  f i r m l y   b o n d e d   s t r u c t u r e .  

As  shown  in  F i g .   2C,  an  AuGe  a l l o y   was  d e p o s i t e d   o n  

s u b s t r a t e   21,  and  t h e n   an  AuZn  a l l o y   was  d e p o s i t e d   o n  

s u b s t r a t e   22,  of  t h e   r e s u l t a n t   b o n d e d   s t r u c t u r e ,   and  t h e  

s t r u c t u r e   was  a n n e a l e d   a t   400°C  f o r   one  h o u r   to   p r o v i d e  

ohmic   e l e c t r o d e s   23  and  2 4 .  

The  d i o d e   o b t a i n e d   was  c o n f i r m e d ,   by  c u r v e   t r a c -  

e r ,   to   e x h i b i t   good   d i o d e   c h a r a c t e r i s t i c s .   The  d i o d e  



e x h i b i t e d   a  f o r w a r d   d i r e c t i o n   t e m p e r a t u r e   c h a r a c t e r i s t i c  

s u b s t a n t i a l l y   c o i n c i d e n t   w i t h   a  p r e d i c t e d   v a l u e .  

E x a m p l e   3 

As  shown  in  F i g .   3A,  m i r r o r - p o l i s h e d   n - t y p e   I n P  

s u b s t r a t e   31  h a v i n g   an  i m p u r i t y   c o n c e n t r a t i o n   o f  
1 0  / c m  ,   and  a  m i r r o r - p o l i s h e d   p - t y p e   InSb   s u b s t r a t e  

32  h a v i n g   an  i m p u r i t y   c o n c e n t r a t i o n   of  1 0 1 8 / c m 3   w e r e  

p r e p a r e d .   S u b s t r a t e s   31  and  32  were   d e g r e a s e d   b y  

t r e a t m e n t   w i t h   b o i l i n g   t r i c h l e n e   and  r e p l a c e m e n t   w i t h  

e t h a n o l .   T h e r e a f t e r ,   t h e   s u r f a c e   of  s u b s t r a t e   31  w a s  

c l e a n e d   in  a c c o r d a n c e   w i t h   t h e   same  s t e p s   as  in  E x a m p l e  

2.  S u b s t r a t e   32  was  i m m e r s e d   in  c o n c e n t r a t e d   p h o s p h o r i c  

a c i d   f o r   one  m i n u t e ,   w a s h e d   w i t h   w a t e r   and  d r i e d   b y  

s p i n n e r .   The  m i r r o r - p o l i s h e d   s u r f a c e s   of  s u b s t r a t e s   31  

and  32  w e r e   b r o u g h t   i n t o   c o n t a c t   w i t h   e a c h   o t h e r   in  a  

c l e a n   room  of  c l a s s   1,  as  shown  in  F i g .   3B,  and   t h e n  

a n n e a l e d   in  a  h y d r o g e n   f u r n a c e   a t   a  t e m p e r a t u r e   of  4 0 0 ° C  

f o r   one  h o u r .  

As  shown  in  F i g .   3C,  AuGe  a l l o y   l a t t i c e - s h a p e d  

e l e c t r o d e   33  was  f o r m e d   on  s u b s t r a t e   31,   and  t h e n   AuZn 

a l l o y   e l e c t r o d e   3 4  w a s   f o r m e d   on  t h e   e n t i r e   s u r f a c e   o f  

s u b s t r a t e   33  of  t h e   r e s u l t a n t   b o n d e d   s t r u c t u r e ,   t h e r e b y  

c o m p l e t i n g   t h e   f o r m a t i o n   of  a  p h o t o d i o d e .  

The  o b t a i n e d   p h o t o d i o d e   was  c o o l e d   by  l i q u i d   n i t r o -  

gen  and  i t s   p h o t o v o l t a i c   c h a r a c t e r i s t i c   was  m e a s u r e d .  

As  a  r e s u l t ,   a  p h o t o v o l t a i c   e f f e c t   was  o b s e r v e d   in  a  

l i g h t   w i t h   a  w a v e l e n g t h   of  up  to   a b o u t   6  µm. 

E x a m p l e   4 

In  t h e   a b o v e   E x a m p l e s ,   c o n d u c t i v e   s u b s t r a t e s   o f  

d i f f e r e n t   m a t e r i a l s   h a v i n g   d i f f e r e n t   c o n d u c t i v i t y  

t y p e s   w e r e   u s e d   to   m a n u f a c t u r e   a  p h o t o d i o d e .   H o w e v e r ,  

a c c o r d i n g   to   E x a m p l e   4,  a  s t a t i c   i n d u c t i o n   t r a n s i s t o r  

was  m a n u f a c t u r e d   u s i n g   s u b s t r a t e s   of  t h e   same  t y p e .  

As  shown  in  F i g .   4A,  m i r r o r - p o l i s h e d   n  - t y p e   G a A s  

s u b s t r a t e   41  h a v i n g   an  i m p u r i t y   c o n c e n t r a t i o n   of  1 0 1 4 / c m 3  

and  m i r r o r - p o l i s h e d   n - t y p e   GaAs  s u b s t r a t e   42  h a v i n g   a n  

i m p u r i t y   c o n c e n t r a t i o n   of  1 0 1 8 / c m 3   w e r e   p r e p a r e d .   T h e  



s u b s t r a t e s   41  and  42  w e r e   d e g r e a s e d   in  b o i l i n g   t r i c h -  

l e n e ,   b o i l e d   in  c o n c e n t r a t e d   h y d r o c h l o r i c   a c i d   f o r   t w o  

m i n u t e s ,   w a s h e d   w i t h   w a t e r   and  d r i e d   by  a  s p i n n e r .   T h e  

m i r r o r - p o l i s h e d   s u r f a c e s   of  s u b s t r a t e s   41  and  42  w e r e  

b r o u g h t   i n t o   c o n t a c t   w i t h   e a c h   o t h e r   in  a  c l e a n   room  o f  

c l a s s   1,  as  shown  in  F i g .   4B,  and  a n n e a l e d   in  a  h y d r o g e n  

f u r n a c e   a t   a  t e m p e r a t u r e   of  500°C  f o r   one  h o u r ,   t h e r e b y  

p r o v i d i n g   a  f i r m l y   b o n d e d   s t r u c t u r e .   S u b s t r a t e   41  o f  

t h e   b o n d e d   s t r u c t u r e   was  p o l i s h e d   to   a  t h i c k n e s s   o f  

60  µm.  Be  was  i o n - i m p l a n t e d   i n t o   s u b s t r a t e   41  to   f o r m  

p - t y p e   b u r i e d   g a t e   l a y e r   43  h a v i n g   an  i m p u r i t y   c o n c e n t -  

r a t i o n   of  a b o u t   1  x  1 0  / c m  ,   as  shown  in  F i g .   4 C .  

T h e n ,   as  shown  in  F i g .   4D,  m i r r o r - p o l i s h e d   n  - t y p e  

GaAs  s u b s t r a t e   44  was  b o n d e d   to   a  s u r f a c e   of  t h e   l a y e r  

43  of  t h e   b o n d e d   s t r u c t u r e .   B o n d i n g   t o g e t h e r   w i t h   a  

p r e t r e a t m e n t   of  t h e   s u b s t r a t e   b e f o r e   b o n d i n g   was  p e r -  
f o r m e d   u n d e r   c o n d i t i o n s   s i m i l a r   to   t h o s e   in   t h e   f i r s t  

b o n d i n g   s t e p .   The  o b t a i n e d   s t r u c t u r e   was  a n n e a l e d  

in  a  t e m p e r a t u r e   ( 800°C   f o r   30  m i n u t e s )   s u f f i c i e n t   t o  

a c t i v a t e   t h e   p r e v i o u s l y   i o n - i m p l a n t e d   B e .  

As  shown  in  F i g .   4E,  t h e   s u b s t r a t e   44  was  p o l i s h e d  

to  a  t h i c k n e s s   of  a b o u t   10  µm.  An  n - t y p e   GaAs  l a y e r   45 

h a v i n g   an  i m p u r i t y   c o n c e n t r a t i o n   of  a b o u t   1  x  1 0 1 8 / c m 3  

and  a  t h i c k n e s s   of  a b o u t   0 .5   µm  was  e p i t a x i a l l y   f o r m e d  

on  t h e   s u b s t r a t e   44.  As  shown  in  F i g .   4F,  m e s a - e t c h i n g  

was  p e r f o r m e d   in  a c c o r d a n c e   w i t h   d r y   e t c h i n g   to   e x p o s e  

l a y e r   43,   and  an  AuGe  a l l o y   was  d e p o s i t e d   on  t h e   u p p e r  
and  l o w e r   s u r f a c e s  o f   t h e   s t r u c t u r e .   The  o b t a i n e d  

s t r u c t u r e   was  a n n e a l e d   a t   a  t e m p e r a t u r e   of  400°C  i n  

an  i n e r t   g a s ,   t h u s   f o r m i n g   d r a i n   e l e c t r o d e   48,   s o u r c e  
e l e c t r o d e   46  and  g a t e   e l e c t r o d e   4 7 .  

The  o b t a i n e d   s t a t i c   i n d u c t i o n   t r a n s i s t o r   e x h i b i t e d  

a  b r e a k d o w n   v o l t a g e   of  more   t h a n   600  V.  The  b o n d e d   i n -  

t e r f a c e s   w e r e   a n n e a l e d   a f t e r   b o n d i n g   so  t h a t   t h e   i n t e r -  

f a c e   of  GaAs  was  no t   d e g r a d e d   by  a n n e a l i n g .   T h e r e f o r e ,  

d e g r a d a t i o n   in  e l e c t r i c a l   c h a r a c t e r i s t i c s   s u c h   as  d e -  

c r e a s e d   b r e a k d o w n   v o l t a g e   and  i n c r e a s e d   f o r w a r d   v o l t a g e  



d r o p   were   not   o b s e r v e d .  

E x a m p l e   5 

As  shown  in  F i g .   5A,  m i r r o r - p o l i s h e d   Sn  d o p e d  

n - t y p e   InP  s u b s t r a t e   51  h a v i n g   an  i m p u r i t y   c o n c e n t r a -  

t i o n   of  2  x  1 0 1 8 / c m 3 ,   and  m i r r o r - p o l i s h e d   Zn  doped   p - t y p e  
InP  s u b s t r a t e   52  h a v i n g   an  i m p u r i t y   c o n c e n t r a t i o n   o f  

5  x  1 0 1 8 / c m 3  w e r e   p r e p a r e d .   Both  s u b s t r a t e s   51  a n d  

52  h a v e   a  c r y s t a l   o r i e n t a t i o n   ( 1 0 0 ) ,   a  d i a m e t e r   of  2 

i n c h e s   and  a  t h i c k n e s s   of  300  pm.  S u b s t r a t e s   51  a n d  

52  w e r e   d e g r e a s e d   in  b o i l i n g   t r i c h l e n e   w h i c h   was  t h e n  

s u b s t i t u t e d   w i t h   e t h a n o l .   T h e n ,   s u b s t r a t e s   51  and  52  

were   t r e a t e d   by  a  s o l u t i o n   of  H2SO4 :   H2O2 :   H20  = 

4  :   1  :   1  ( v o l u m e   r a t i o )   a t   30°C  fo r   one  m i n u t e ,   w a s h e d  

w i t h   w a t e r   and  d r i e d   by  a  s p i n n e r .   S u b s t r a t e s   5 1  a n d  

52  we re   b r o u g h t   i n t o   c o n t a c t   w i t h   each   o t h e r   in  a  

c l e a n   room  of  c l a s s   1,  as  shown  in  F i g .   5B,  so  t h a t   t h e  

m i r r o r - p o l i s h e d   s u r f a c e s   t h e r e o f   b o n d e d   w i t h   e a c h   o t h e r .  

An  AuGe  a l l o y   was  d e p o s i t e d   on  s u b s t r a t e   51,   and  a n  

AuZn  a l l o y   was  d e p o s i t e d   on  s u b s t r a t e   52  of  t h e   r e s u l t a n t  

b o n d e d   s u b s t r a t e ,   w h i c h   was  t h e n   a n n e a l e d   a t   400°C  f o r   15  

m i n u t e s   to  p r o v i d e   ohmic   e l e c t r o d e s   53  and  54  as  shown  i n  

F i g .   5 C .  

The  o b t a i n e d   pn  j u n c t i o n   d i o d e   was  c u t   to  a  p e l l e t  

h a v i n g   3  mm  s i d e s ,   and  V-I  c h a r a c t e r i s t i c s   t h e r e o f   w e r e  

c o n f i r m e d ,   by  c u r v e   t r a c e r ,   to   e x h i b i t   good  d i o d e   c h a r -  

a c t e r i s t i c s   h a v i n g   a  h i g h   b r e a k d o w n   v o l t a g e .  



1.  A  m e t h o d   of  m a n u f a c t u r i n g   a  c o m p o u n d   s e m i c o n -  

d u c t o r   d e v i c e ,   c o m p r i s i n g   t h e   s t e p s   o f :  

m i r r o r - p o l i s h i n g   a  s u r f a c e   of  e a c h   of  two  c o m p o u n d  
s e m i c o n d u c t o r   s u b s t r a t e s   ( 11 ,   1 2 ) ;  

b r i n g i n g   t h e   m i r r o r - p o l i s h e d   s u r f a c e s   of  t h e   t w o  

c o m p o u n d   s e m i c o n d u c t o r   s u b s t r a t e s   (11 ,   12)  in  c o n t a c t  

w i t h   e a c h   o t h e r   in  a  c l e a n   a t m o s p h e r e   and  in   a  s t a t e  

w h e r e i n   s u b s t a n t i a l l y   no  f o r e i g n   s u b s t a n c e s   a r e   p r e s e n t  

t h e r e b e t w e e n ;   a n d  

a n n e a l i n g   t h e   c o m p o u n d   s e m i c o n d u c t o r   s u b s t r a t e s  

(11 ,   12)  w h i c h   a r e   in  c o n t a c t   w i t h   e a c h   o t h e r   so  as  t o  

p r o v i d e   a  b o n d e d   s t r u c t u r e .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   t h e   c o m p o u n d   s e m i c o n d u c t o r   s u b s t r a t e s   ( 11 ,   1 2 )  

c o m p r i s e   c o m p o u n d   s e m i c o n d u c t o r s   of  d i f f e r e n t   t y p e s .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i z e d   i n  

t h a t   a  c o m b i n a t i o n   of  t h e   c o m p o u n d   s e m i c o n d u c t o r s   i s   a  

member  s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of  G a A s / I n P ,  

Z n S / G a A s ,   I n P / I n S b ,   G a P / I n P   and  C d S / I n P .  

4.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   t h e   c o m p o u n d   s e m i c o n d u c t o r   s u b s t r a t e s   ( 4 1 ,   4 2 )  

c o m p r i s e   a  c o m p o u n d   s e m i c o n d u c t o r   of  t h e   same  t y p e .  

5.  A  m e t h o d   a c c o r d i n g   to  c l a i m   4,  c h a r a c t e r i z e d  

in  t h a t   t h e   c o m p o u n d   s e m i c o n d u c t o r   i s   a  member   s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of  GaAs  and  I n P .  

6.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   t h e   c o m p o u n d   s e m i c o n d u c t o r   s u b s t r a t e s   ( 11 ,   12)  h a v e  

d i f f e r e n t   c o n d u c t i v i t y   t y p e s ,   and  a  pn  j u n c t i o n   i s  

f o r m e d   a t   a  b o n d e d   i n t e r f a c e   t h e r e o f .  

7.  A  m e t h o d   a c c o r d i n g   to  c l a i m   6,  c h a r a c t e r i z e d  

in  t h a t   t h e   c o m p o u n d   s e m i c o n d u c t o r   d e v i c e   c o m p r i s e s   a  

d i o d e .  

8.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   t h e   c o m p o u n d   s e m i c o n d u c t o r   s u b s t r a t e s   ( 41 ,   4 4 )  

have   t h e   same  c o n d u c t i v i t y   t y p e s ,   an  i m p u r i t y   r e g i o n  



(43)   h a v i n g   a  c o n d u c t i v i t y   t y p e   o p p o s i t e   t h a t   of  t h e  

s u b s t r a t e s   ( 4 1 ,   44)  is  f o r m e d   on  a  p a r t   of  t h e   p o l i s h e d  

s u r f a c e   of  t h e   one  of  t he   two  s u b s t r a t e s   (41 ,   4 4 ) ,   and  a  

pn  j u n c t i o n   i s   f o r m e d   a t   an  i n t e r f a c e   of  t h e   i m p u r i t y  

r e g i o n   and  a n o t h e r   of  t h e   s u b s t r a t e s   ( 4 1 ,   4 4 ) .  

9.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   t h e   m i r r o r - p o l i s h e d   s u r f a c e s   h a v e   a  r o u g h n e s s   o f  

n o t   more   t h a n   500  A.  

10.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d  

by  f u r t h e r   c o m p r i s i n g   t h e   s t e p   of  c l e a n i n g   t h e   m i r r o r -  

p o l i s h e d   s u r f a c e s .  

11.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   t h e   s u b s t r a t e s   ( 11 ,   12)  a r e   a n n e a l e d   a t   a  t e m p e r a -  

t u r e   of  n o t   l e s s   t h a n   2 0 0 ° C ,   b u t   b e l o w   t h e   m e l t i n g   p o i n t  

of   t h e   c o m p o u n d   s e m i c o n d u c t o r s .  

12.  A  m e t h o d   a c c o r d i n g   to   c l a i m   11 ,   c h a r a c t e r i z e d  

in  t h a t   t h e   s u b s t r a t e s   ( 11 ,   12)  a r e   a n n e a l e d   a t   a  t e m -  

p e r a t u r e   of  300  to   6 0 0 ° C .  
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